As obesity is a common disease and its consequences may be serious, it is surprising how seldom the processes by which it arises have been studied experimentally in man. We know of only five human subjects who have been overfed for a significant length of time while attempts were made to assess the weight gain against measured differences between the calorie intake in the food and the calorie expenditure during daily activity (Gulick, 1922; Wiley & Newburgh, 1931 a, b; Passmore, Meiklejohn, Dewar & Thow, 1955 a, b). All five of these subjects were thin men. Only one of these men, to whom Wiley & Newburgh gave an excess of 1680 kcal/day for 15 days, gained weight easily: he put on 4-4 kg, with a calorie value of 5-7 kcal/g weight gained.
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30 kg, respectively. Thus both Betty and Pat were big women for their height, and muscle as well as adipose tissue contributed to their excess weight.
Regimen. The subjects slept in a hospital ward, but spent the day in a room set aside in the laboratory. Their time was occupied in reading, watching television and doing light handicrafts. They went out for formal exercise consisting of about I h walking each day. They were weighed each morning on a beam balance when clad only in a light surgical gown, the balance being accurate to I g, and the weight of the gown was subtracted before recording.
Observations were made for 23 days. On the first 9, they were on a diet which met their calorie needs approximately; their weights changed little. For the next 9 days they were overfed, and for the last 5 days they received only a token diet (about 300 kcal/day). Diets. These were composed of common foods, chosen after discussion with the patients. Three equal portions of all foods were weighed out each day. It was obligatory for the subjects to eat all of their portion and the third portion was homogenized and set aside for analysis. On the last 4 days of overfeeding, when they began to find difficulty in consuming all the food presented, the obligatory diet was reduced slightly. Extra bread, jam and sweetened fruit juices were provided and the subjects were encouraged and persuaded to take as much as possible of them. The amounts consumed were weighed, and each of these extra foods was analysed separately. The water content of the diet was determined by drying a portion of each homogenate to constant weight. The protein content was calculated by multiplying the nitrogen content (obtained by Kjeldahl analysis) by 6.25. For the extra bread, the N conversion factor of 5-7 was used. The fat content was determined by Soxhlet extraction, and the carbohydrate was determined by the method of Trevelyan & Harrison (1952). All carbohydrate values are expressed in terms of polysaccharides. The gross calorie value of the diet was determined with a bomb calorimeter. the urine was calculated by multiplying the N content by 7-9 (Atwater & Bryant, 1900). The amount of urinary water was calculated from the weight of the urine, by subtracting that of the urinary solids. The urinary solids were calculated from the formula:
Urinary solids (g/l.) = (1000 x sp. gr. -1000) x 2.
For a discussion of the use of this formula, see Price, Miller & Hayman (1940) .
Energy expenditure. This was calculated from measurements of the respiratory exchanges and records of activity as previously described (Passmore et d. 1955~; Passmore, Strong & Ritchie, 1958) . 0, consumption and CO, output were measured over rominperiods six times adayon2daysout of each3. Themeasurementsweremade at irregular interyals throughout the 24 h. Two were always made during the day when the subject was engaged in her usual sitting activities, one was made whilst the subject was walking and two were taken during the night (one before midnight and the other between z a.m. and 5 a.m.). Thesamples for basalmetabolismweretakenatabout 8 a.m. Records were kept of the time spent in bed, sitting, at exercise and 'up and about'. From these records and the measurements of the respiratory exchanges, estimates were made of the total 0, uptake and CO, output during each 24 h.
Metabolic mixture. The daily utilization of protein, carbohydrate, fat and calories was calculated from the urinary N and from the estimates of daily 0, utilization and CO, output as described in a previous paper (Passmore & Swindells, 1963) .
Water balance. This was drawn up daily from analysis of the water in the diet, the fluid intake, the faecal and urinary water, the evaporative water (calculated from the invisible weight loss less the difference between the weight of CO, and 0,) and the metabolic water. however, as in the control period, the protein intake remained ample. During the underfeeding period the subjects received one or two small snacks a day to reduce the discomforts of hunger. I n the control period and during overfeeding Betty drank every day between two and three times as much fluid as Pat. Faeces. Table 3 shows that even during overfeeding faecal losses were small. During the control period Betty absorbed over 92% of the calories in the diet and Pat over 96 yo. During overfeeding absorption remained substantially unchanged at these high levels. Urine. Table 4 shows the measured urinary outputs and the calculated calorie value of the urines. The high urinary output of Betty reflects her high fluid intake. None of her samples gave positive reactions for glucose with the Clinistix test. Weight changes. Fig. I shows the daily weight changes and Table 5 shows the mean daily weight balances for the three periods. Both Betty and Pat lost a little weight in the control period. They gained 2.86 and 2.58 kg respectively during the at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19630040
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Overfeeding of fat women 377 9 days of overfeeding and lost 6-22 and 5-63 kg respectively during the 5 days of semistarvation. The significance of the invisible weight losses is discussed later (p. 379).
Energy expenditure. Table 6 shows the distribution of their time throughout the whole experiment. Table 7 gives the mean of all the values for rates of 0, consumption.
The figures for 'sitting' include measurements made when the subjects were watching television, reading and when doing jig-saw puzzles and light handicrafts. Table 8 gives the mean figures for the RQ, corresponding to 0, consumption values given in Table 7 . These are discussed later (p. 381). Table 9 gives the rates of energy expenditure calculated from the records of activity (Table 6 ) and of 0, consumption (Table 7 ). The accuracy of these estimates is dependent on how well the values in Tables 6 and 7 represent the overall metabolism for 24 h. Some independent check can be provided by the invisible weight losses set out in Table 5 . These weight losses, corrected for losses of CO, and for 0, retention (Table 9) 
Overfeeding of fat women 379 The very close agreement between these figures and the figure suggested by Newburgh and his colleagues gives confidence in the accuracy of the estimation of energy expenditure.
Metabolic mixture. Table 9 gives estimates of the protein, fat and carbohydrate metabolized and of water formed in the process for each subject for the three periods. The estimates have been calculated from the mean rates of 0, consumption, CO, production and urinary N excretion over 24 h periods. It will be seen that during the overfeeding period a net breakdown of fat continued. Table 10 . Total changes in body-wezght and body composition (kg) and calorie balance (kcal) during 9 days on a control diet, 9 days of overfeeding and 5 days of underfeeding balance sheets for protein, fat, carbohydrate, water and calories can be drawn up. The resultant balances are presented in Table 10 . In calculating the protein balance a loss of N through the skin, equivalent to I g protein/day, has been assumed. In the past in calculating N balances it has been customary to neglect skin losses. This is obviously wrong. Estimations of such loss are very difficult to make, but one of the order which we have assumed is not likely to be seriously wrong (for literature see Darke, 1960 
Control
D I S C U S S I O N
The two subjects both gained weight much more readily than the thin young men previously studied (Passmore et al. 1955a, b) . Fig. 4 , in which weight gain is plotted against excess calories, shows clearly the difference. To put on 2-5 kg Betty required an excess of approximately 6000 kcal, Pat required 10000 kcal, whereas Michael and Sam required 20000 kcal. The differences certainly arise from the fact that the thin young men did not retain water corresponding to the extra solids laid down. The obese tissue laid down by Betty contained 62 yo water and by Pat 32 % . Fig. 5 shows that the RQ of both fat subjects did not rise promptly after the beginning of overfeeding, but climbed fairly steadily: it was not until the 8th day that the mean values reached 1-00. Only on the 9th day did values over 1-00 give unequivocal evidence of the net conversion of carbohydrate into fat. On the 1st morning of starvation Betty had two RQ values, 1-19 and 1.18, and Pat had one value of 1.06. These would indicate that at the end of the experiment there was a steady net conversion of carbohydrate into fat within the body. The validity of the RQ measurements has been at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19630040 discussed already (Passmore & Swindells, 1963) . The fact that RQ measurements well above 1.0 were now demonstrated on the 9th day indicates that the technique would have been able to demonstrate them earlier had they been present.
The gradual rise of RQ would seem to be best explained if the excess carbohydrate wasfirst stored as glycogen and if net conversion of carbohydrate into fat onlytookplace when glycogen stores were full. The calculations already given indicate that 420 and 1010 g carbohydrate were stored. This would have to be mostly in the muscle. The lean body mass of the two subjects was estimated to be just over 60 kg. A little over half of it would probably be muscle. If the muscle mass of both subjects was 35 kg, the stored carbohydrate would involve a rise in the mean glycogen content of muscle of 1-2 g/Ioo g for Betty and 2.9 g/Ioo g for Pat. These figures are not outside the range of muscle glycogen obtained in biopsy samples by Hildes, Sherlock & Walshe (1949) . They are, however, higher than those usually given for human muscle glycogen, which are usually based on autopsy material or samples obtained at operation. Such muscle glycogen levels might be expected to be low. Muscle glycogen values of 10 g/ IOO g or even higher have been obtained with patients suffering from glycogenstorage disease (Illingworth, 1961) . The rapid loss of weight (mostly water) on the reducing regimen is characteristic of the response of obese people and has already been described (Passmore et al. 1958). Vol. 17 S U M M A R Y I . Two obese young women were overfed to the extent of 7000-10000 kcal in a 9-day period during which they gained 2-86 and 2-58 kg respectively.
2. The RQS did not rise to 1.0 until overfeeding had been in progress for 8 days. It is suggested that excess dietary carbohydrate is first stored in the muscles as glycogen and only when these stores are full is it converted into fat.
3. From measurements of the energy balance and respiratory exchanges, it was calculated that the obese tissue laid down consisted of water 62, fat 18, carbohydrate 15 and protein 5 % for one subject and water 32, fat 20, carbohydrate 39 and protein 9 % for the other subject.
